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The desire for universal access to modern energy and the use of renewable energy technologies (RETs) as
a means of delivering low carbon solutions are driven by several local and global factors, including
climate change, population increase and future energy security. Social attitudes are a major challenge to
overcome in order to successfully introduce low carbon technologies as a sustainable alternative to more
traditional means of energy provision. It becomes a challenge to educate the target population in order to
counteract any negative preconceptions or scepticisms in using these technologies which can have
adverse effect upon their viability and long term success. This work presents the results of a rural energy
survey conducted in the Indian state of Maharashtra. The survey highlights the opportunities and
attitudes of these rural communities towards sustainable modern energy services and the technologies
used to deliver them. Results from the survey show that there is interest in using sustainable or
renewable technologies for energy provision and suggest that cost, reliability and ease of use are more
important factors than the environmental beneﬁts. A suggestion for a way to improve RET adoption in
rural communities is also presented based on the results of this study.
& 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.1. Introduction
Renewable energy technologies (RETs) can provide universal
modern energy services which drive development and help
improve living conditions, particularly in rural communities where
their use as a decentralised energy source has been shown to be a
viable and efﬁcient option (Demirbas and Demirbas, 2007;
Mahapatra and Dasappa, 2012; Mustonen, 2010). In addition they
can mitigate many of the impacts of traditional energy generation,
such as deforestation, climate change, and local air pollution.
Achieving universal modern energy access is a key objective in
many developing countries as a means of supporting economic
and social development (Gurung et al., 2011). The United Nations
Development Program (UNDP) (UNDP, 2005a,b, 2010a,c) alongr Ltd.
Blenkinsopp).
Open access under CC BY license.with the UK's Department for International Development (DFID)
(DFID, 2002) and the International Energy Agency (IEA) (IEA et al.,
2010) have all highlighted the need for energy services in order to
fulﬁl the United Nations Millennium Development Goals (MDG).1
A recent report from the UN identiﬁed inadequate energy
systems as a threat to realising these goals by the 2015 target
date. The report also responded to calls for a new goal targeting
universal energy access by outlining two new targets (UN-AGECC,
2010):(1)1
deve
counensure universal access to modern energy services by 2030;
(2) reduce global energy intensity by 40% by 2030.These two targets aim to provide a platform by which move-
ment towards sustainable universal energy access can be achieved.
However, there has not been any international agreement orThe MDG are eight goals adopted by all UN nations aimed at encouraging
lopment by improving social and economic conditions in the world's poorest
tries.
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goals as seen with the MDG. Despite this the report emphasises
the signiﬁcances of delivering these two goals as being key in
accomplishing the MDG (UN-AGECC, 2010).
The UNDP also noted that the successful fulﬁlment of the MDG
requires investing in all of the goals simultaneously and not just
trying to tackle them individually (UNDP, 2010d). The provision of
modern energy services is therefore even more vital as investing
in this one area directly or indirectly contributes to the fulﬁlment
of all the individual goals simultaneously.
The rising global population, of which the vast majority is
expected to be seen in the world's developing countries (UNPD,
2010; Xia, 2003), is increasing the demand upon global resources,
affecting energy and food security (Hanjra and Qureshi, 2010).
The population of India is expected to increase by almost
500 million people by 2065 (based on 2010 ﬁgures) (UNPD,
2010). Although there will be only a population increase of
38% in India, the nation will represent almost 18% of the world's
total population (UNPD, 2010).
According to India's 2001 census 72.2% of its population lives in
its rural areas (ORGC India, 2001). This rural population is not only
home to the vast majority of the country's poorest people, but
the majority is also considered to be living in energy poverty
which means a reliance on traditional, more affordable biomass
(IEA, 2012).
The impact that energy poverty is having upon the country's
economic development has prompted the Indian government to
take action in providing affordable energy access to the entire
population (IEA, 2012). RETs are more and more being seen as a
crucial element in countries energy policies, in particular in
meeting the energy needs of those in the countries rural and
remote communities while also aiding the governments other
policy objectives of future energy security and climate change
mitigation (IEA, 2012).
Globally, the demand for both fossil fuels and alternative
energy resources will increase in line with a growing population
(IEA, 2011; OPEC, 2011). However, it is expected that the contribu-
tion from fossil fuels to global primary energy consumption will
shrink, with the expanding use of renewable energy resources
(IEA, 2011; OPEC, 2011). The use of modern renewable energy
sources (wind, solar, geothermal, marine, modern biomass and
hydro) are expected to increase, accounting for approximately
14.0% of the global primary energy consumption by 2035
(IEA, 2011).
There are many negative implications of using fossil fuels. Fossil
fuels are a ﬁnite resource; whilst there is continued debate as to
when they may run out, supplies are diminishing and newer, more
expensive methods are required to extract them. The cost of these
new techniques is ultimately passed onto the energy consumer
and as such fuel prices are continuing to rise. RETs have the
potential to be a more stable source of energy in terms of cost after
the initial outlay and can present a viable economic alternative for
the future. The Intergovernmental Panel on Climate Change (IPCC)
showed that the release of greenhouse gases from the burning of
fossil fuels plays a signiﬁcant role in climate change and is an
additional motivation for the use of renewables energies (IPCC,
2007; Xia, 2003).
Modern energy is essential for nearly all aspects of human
welfare such as cooking, sanitation and education (DFID, 2002; IEA
et al., 2010; UNDP, 2005a). Yet 40.0% of the world's population are
living without access to any modern energy service or are solely
reliant on traditional biomass for cooking (IEA et al., 2010;
UN-AGECC, 2010; UNDP, 2010b). According to the IEA nearly all
of these people reside within developing countries, and are mostly
in rural and isolated areas (IEA et al., 2010). It is the beneﬁts
or ‘services’ gained through energy access that people desire (DFID,2002). These include reliable and safe lighting, heating and cooking
facilities, as well as mechanical power and telecommunication
services (IEA et al., 2010; UNDP, 2005a). It is these beneﬁts that
drive the demand for energy not the desire for energy itself (DFID,
2002). The increasing energy demand in developing countries,
driven by economic growth, is expected to be met primarily by
the use of fossil fuels (IEA, 2011; OPEC, 2011; UNDP, 2005a; Xia,
2003).
There are a variety of barriers obstructing the adoption of RETs.
A lack of adequate infrastructure, technical skill, existing knowl-
edge on the management, operation and regulation of RETs and
substantial investment costs can hinder the development and
uptake of RET projects (de Jager and Rathmann, 2008; Del Río,
2007; Dinesh Babu and Michaelowa, 2003; Mitchell et al., 2011;
Nautiyal, 2012; Painuly, 2001; Reddy and Painuly, 2004). The high
costs associated with the installation and maintenance of many
RETs can often restrict access to them as they are an unaffordable
solution for energy provision for poorer communities (Painuly,
2001; Reddy and Painuly, 2004). This coupled with the lifetime of
some of the RETs means that either the cost of installation or
embodied energy within the build are not paid back during their
activity; careful selection of appropriate RETs must also be made in
this regard.
In addition, many of the social barriers are centred on accep-
tance of the technology or the services they offer (Moomow et al.,
2011; Painuly, 2001). These barriers may stem from concerns
surrounding the impacts on the local environment, economy, as
well as competition for local water and land resources and often
result from a lack of knowledge and information of the beneﬁts
RETs can offer (Del Río, 2007; Dinesh Babu and Michaelowa, 2003;
Moomow et al., 2011; Reddy and Painuly, 2004). Clean water
supplies in India are scarce with only 25% having access to clean
water on their premises, and only one-third of those treat
their water to remove chemical or microbial contamination
(UNICEF, 2013). As such, RETs that utilise water supplies or land
that could be used for water puriﬁcation etc. are likely to feel a
level of resistance.
This has also been identiﬁed in other studies; the use of RETs is
often perceived to be associated with some level of discomfort or
sacriﬁce (Reddy and Painuly, 2004), rather than offering an
equivalent if not superior energy resource. Acceptance is a key
requirement in order to maintain market viability and ultimately
enable the scaling up of RET projects. If the target communities are
hostile towards the introduction of new RETs the likelihood of
their success is reduced (Moomow et al., 2011; Painuly, 2001).
The use of educational programmes alongside the introduction is
becoming paramount, not only helping with the increasing of
positive perception of the technologies but also providing training
and experience to maintenance personnel who will sustain the
equipment after installation (Bhide and Monroy, 2011).
The aim of this study was to explore the current state of
modern energy utilisation in Maharashtra and assess the social
attitudes towards RETs and modern energy sources, and highlight
the opportunities for exploiting RETs for energy generation based
upon the responses received.2. Rural energy survey
A survey was carried out in an interview style format. Answers
were translated and recorded on a separate sheet. The survey was
carried out during August 2011, in the village of Uddhar in the
Raigarh district of the Indian state of Maharashtra. This state was
selected as there is signiﬁcant potential for the exploitation and
expanded use of various renewable energy technologies for the
generation of low carbon energy (Ministry of Statistics&
Table 1
Primary and alternative energy resources used for household lighting in rural India.
Main energy resource used for
household lighting
Respondents that chose
electricity (%)
Alternative fuels used for household lighting Candles 87.5
Firewood/biomass 62.5
Parafﬁn/kerosene 75.0
Total 100.0
Table 2
Reasons for unhappiness with main fuels used for household lighting in rural India.
Main energy resource used for
household lighting
T. Blenkinsopp et al. / Energy Policy 60 (2013) 192–199194Programme Implementation, 2012). The village was selected from
a list of 10 potential villages identiﬁed by random stratiﬁed
sampling techniques. Selection of households within the village
was at random but also relied upon a respondents willingness to
participate. The main aim of the survey was to study the aware-
ness of various renewable energy technologies and determine the
barriers for their adoption by the community.
2.1. Methods
A questionnaire survey, comprising of quantitative and quali-
tative questions was employed to build a comprehensive picture of
local energy requirements and attitudes towards renewable
energy technologies for sustainable energy provision.
The questionnaire mixed open and closed questions and
included information onRespondents that chose
electricity (%)1.tivi
fuehousehold energy consumption (current energy use and
activities);Reasons for unhappiness with selected fuel Expensive 87.52. views on renewable energy.
Unreliable 25.0
Other 12.5IBM SPSS software was used to explore and highlight any
statistical correlations and relationships between the different
variables, and produce graphs and tables to present the results.
This work uses the deﬁnition of energy access deﬁned by the
UN Advisory Group on Energy and Climate Change (UN AGECC)
(UN-AGECC, 2010) which states energy access to be ‘access to clean,
reliable and affordable energy services for cooking and heating,
lighting, communications and productive uses’. Three levels of
energy access are outlined as (1) basic human needs, (2) productive
uses2 and (3) modern society needs (UN-AGECC, 2010). Levels
1 and 2 represent what needs to be achieved in order to meet the
UN AGECC deﬁnition of energy access.3. Results and discussion
3.1. Fuels for household activities
3.1.1. Household lighting fuels
The primary and alternative energy resources used for house-
hold lighting are shown in Table 1. All respondents identiﬁed
electricity as their main energy resource for household lighting,
identifying that the main reasons for this selection were that it
was easy to use or readily available. Interestingly, all of the
respondents also made use of an alternative supply, with candles
being the most popular alterative (87.5%), followed by parafﬁn/
kerosene (75.0%) and ﬁrewood or biomass (62.5%).
It was important to then subsequently identify why the
respondents are unhappy with their current lighting supply and
the reasons for it. The respondents indicated that they were
unhappy with using electricity as their primary energy resource
for household lighting was because it is expensive, with 87.5% of
respondents providing this explanation. Twenty ﬁve percent of
respondents also indicated that they were unhappy with this fuel
because they thought it was unreliable (Table 2).
Unreliability is an interesting issue; the Western world would
consider electricity to be one of the most reliable sources of
energy. However, the Indian electricity sector consistently had
peak shortages from 1996 to 2006 over 10% (Shukla et al., 2009)
yet over-produced during the off-peak times (Chikkatur et al.,
2007) largely due to government subsidies. This unreliability was2 The UN AGECC refers to ‘productive uses’ as activities that improve produc-
ty, often through the use of mechanical power e.g. water pumping for irrigation,
l for transportation of goods and people, etc.further highlighted in 2012 when a two-day blackout, the largest
in history affected over 620 million people (approx. 9% of the
world's population). With this background, it becomes clear as to
why there is a choice to rely on two types of energy sources for the
lighting of homes in rural India. The high costs associated with
using electricity paired with the aforementioned reliability issues
force the residents of rural villages to have a back up option in this
regard.3.1.2. Household cooking fuels
When surveyed, all respondents indicated that their main fuels
used were either a combination of ﬁrewood/biomass (62.5%) or LP
Gas (37.5%). In addition, 87.5% of respondents indicated that they
also made use of an alternative with just one respondent indicat-
ing that they did not make use of any other fuel for cooking. These
results are summarised in Table 3.
These results show that the most popular fuels used for
household cooking are a combination of LP Gas and ﬁrewood or
biomass (Table 4), as 87.5% of respondents indicated that they
utilise both as either their primary or alternative fuel. The main
reason for the selection of ﬁrewood/biomass was its low cost
(100%) followed by familiarity (80%) and ease of availability (40%).
No respondents indicated that ﬁrewood was easy to use, which
was conversely the main reason for the selection of LP Gas (66.7%).
The remaining 33.3% choose LP Gas because it is easily available.
Ease of use is in fact the main reason why respondents were
unhappy with ﬁrewood/biomass (Table 5) with particular focus on
the facts that it is ‘too smoky’ (80.0%) and ‘takes too long to burn’
(20.0%). ‘Expensive’ (66.7%) and ‘unreliable’ (33.3%) were the
reasons given by respondents for being unhappy with LP Gas as
a fuel for cooking.
The level of smoke produced by ﬁrewood/biomass is an
identiﬁed health risk and is a valid concern of the respondents.
The average distribution of particulates arising from biomass in
Indian households is 2000 mg m−3 (Smith, 2000) which is far in
excess of the 150 mg m−3 level set by the US Environmental
Protection Agency (IEA, 2007). When expanded to consider vil-
lages and areas of domestic living, localised pollution can occur
during peak cooking times. As a result, acute respiratory infections
are now the largest single disease category in India (IEA, 2007).
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in terms of health as well as modern energy services.
The results for the most popular fuels used for household
cooking and the reasons why these fuels were used and why
respondents are unhappy with them help explain why ﬁrewood or
biomass and LP Gas are the two most popular fuels and why each
is also the main alternative fuel of choice to use in replacement of
the other.
The expense associated with using LP Gas compared to the
cheapness of using ﬁrewood or biomass might mean that when
the LP Gas supply becomes too expensive or disrupted users
switch to the cheaper, more familiar ﬁrewood or biomass. The
use of LP Gas as a primary fuel for household cooking has been
shown to be limited to high income households in rural areas
(Balachandra, 2011; Pohekar et al., 2005) which would support the
idea those who use ﬁrewood or biomass, but also make use of LP
Gas, do so but only in speciﬁc circumstances as its high cost
prevents continuous use.
Some of this work however presents stark differences in
comparison to the ﬁndings of this study for the proportion of
households using LP Gas or ﬁrewood or biomass as their primary
fuel for household cooking (Balachandra, 2011). Balachandra found
that 84.1% of households made use of ﬁrewood or biomass, and
only 8.6% of LP Gas for household cooking. This disparity can beTable 4
Reasons for selecting main fuel used for household cooking in rural India.
Main energy resource used
Respondents that chose
ﬁrewood/biomass (%)
Reasons for selected
fuel used
Easy to use 0.0
Cheap 100.0
Easily available 40.0
Familiar fuel 80.0
Table 3
Primary and alternative energy resources used for household cooking in rural India.
Primary Secondary Respondents that
selected combination (%)a
Firewood/biomass LP gas 50
Firewood/biomass Parafﬁn/kerosene 25
Firewood/biomass None 12.5
LP gas Firewood 37.5
LP gas Parafﬁn/kerosene 12.5
LP gas None 0
a Respondents could choose as many secondary sources as they used.
Table 5
Reasons for unhappiness with main fuels used for household cooking.
Main energy resour
Respondents that ch
ﬁrewood/biomass (%
Reasons for unhappiness
with selected fuel
Expensive 0.0
Smoky 80.0
Unreliable 0.0
Takes too long to burn 20.0
Other 60.0put down to the fact that Balachandra's analysis is based upon
national statistics whereas this study explores the energy usage of
one village.3.1.3. Overall use of fuels in the home
Fossil fuels were used by 87.5% of respondents as either their
primary or alternative fuel for cooking. This is comparable to the
global share that fossil fuels represent for primary energy con-
sumption which is also 87.0% (OPEC, 2011). The ﬁgure is slightly
higher for fuels used for lighting where 100.0% of the respondents
made use of electricity derived from fossil fuel sources.
None of the respondents indicated that they were happy with
the fuels they currently used primarily for household cooking or
lighting, citing reasons mainly centred on ease of use, cost and
reliability (Tables 2 and 5). The reasons given by respondents for
being unhappy when using LP gas and/or electricity are similar, as
are the reasons the same respondents gave for using these two
fuels (Tables 2 and 5). This is interesting as these two fuels are
considered to be forms of modern energy (Balachandra, 2011), but
despite being very different resources the reasons for using them
and the issues respondents had with them are the same, which
would indicate that there are common issues experienced with the
acquisition and use of modern energies in these communities.
The results highlight that ‘availability’ is an important factor
when selecting fuels for household tasks. Although only a small
number of the respondents gave it as a reason in each separate
question, a more in depth look at the results shows that in total
75% of the total number of respondents selected it as a reason for
their choice in using one or more fuels. In addition it was the only
reason to be selected as an inﬂuencing factor across all fuels used
in household lighting and cooking. Accessibility has been high-
lighted by several studies (Painuly, 2001; Reddy and Painuly, 2004)
to be a major barrier for modern energy access and in particular to
the uptake of RETs. These technologies have however been shown
to lend themselves to being used as decentralised energy
resources (Chakrabarti and Chakrabarti, 2002; Hiremath et al.,for household cooking
Total number of
respondents (%)
Respondents that
chose LP gas (%)
Total number of
respondents (%)
0.0 66.7 25
62.5 0.0 0.0
25.0 33.3 12.5
50.0 0.0 0.0
ces used for household cooking
ose
)
Total number of
respondents (%)
Respondents that
chose LP gas (%)
Total number of
respondents (%)
0.0 66.7 25.0
50.0 0.0 0.0
0.0 33.3 12.5%
12.5 0.0 0.0
37.5 0.0 0.0
Table 7
Most beneﬁcial low carbon energy source as identiﬁed by respondents.
Potential energy resource Total number of respondents (%)
Bio-digesters (biogas) 75.0
Hydroelectricity 50.0
Solar power 100.0
Bioethanol 12.5
Geothermal 12.5
Wind power 12.5
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the accessibility barriers as the energy generation can be put at the
heart of the community. It was noted that as these technologies
can be installed close to the point of demand the costs relating
to energy transport and distribution are reduced which will
ultimately lower the cost to the end user (Chakrabarti and
Chakrabarti, 2002; Thiam, 2010).
The reasons ‘cost’ and ‘easy to use’ were also important factors
for choosing particular fuels. However, these were never given
simultaneously for choosing a fuel. An explanation for this is that
the ease of using a speciﬁc fuel is offset by an increased cost.
This explains why all the respondents who used ﬁrewood or
biomass for cooking indicated that the reason for using this fuel
was that it was cheap. However, none of them gave ‘easy to use’ as a
reason. In contrast none of the respondents who selected electricity
or LP Gas indicated ‘cheap’ as a reason for choosing this fuel, but
‘easy to use’ was by far the most signiﬁcant inﬂuencing factor.
From these results it could therefore be reasoned that there is a
direct relationship between the cost of a fuel and how easy it is to use.
Of these two factors ease of use is the most signiﬁcant in terms of
what is desired by the user. The results indicate that people appear
willing to pay more for an energy resource which is easy to use, such
as electricity or LP gas, despite the expense which they highlight as
their main dissatisfaction when using them (Tables 2 and 5). This
supports the DFIDs (DFID, 2002) theory that it is the beneﬁts of an
energy source, of which ease of use is one, that ultimately drive
demand as these are the factors people desire over energy access itself.
If cost was the overriding factor inﬂuencing which fuels were
chosen for household activities, the expensive but easy to use fuels
would not be selected to the same degree that they were. Cost is
still however an important factor when considering fuel selection,
as although people desire a fuel that is easy to use, they may be
unable to afford those that are available. This is most likely the
case with the respondents who primarily use ﬁrewood or biomass
for cooking as all of them indicated that they selected this resource
because it was cheap, not because it was easy to use (Table 4). This,
in conjunction with the fact that the majority of these respondents
(80.0%) indicated that they also make use of LP Gas as a secondary
fuel, supports the idea that if cost was removed as a factor, the
majority of respondents would prefer a fuel that was easy to use.3.2. Perception and attitudes towards low carbon source of energy
3.2.1. Lack of awareness and understanding
Respondents were able to identify several low carbon energy
sources from a given list, (Table 6). The most recognised potential
energy source was solar panels (87.5%), with wind turbines (75%),
biodiesel (62.5%), and hydroelectricity (62.5%) also being widely
recognised.
Despite all respondents having indicated that they use ﬁre-
wood or biomass as a primary or secondary fuel for household
cooking, only 37.5% of respondents were aware that bio-digestersTable 6
Low carbon means of energy generation recognised by respondents.
Low carbon means of energy generation Total number of respondents (%)
Biodiesel 62.5
Bio-digesters (biogas) 37.5
Geothermal 25.0
Hydroelectricity 62.5
Solar panels 87.5
Wind turbines 75.0
Tidal energy 12.5
Bioethanol 25.0could be used to produce biogas and subsequently be used as a
source of energy.
An overview of the technologies was given to the respondents
before they indicated which they believe would be of most beneﬁt
to their household or village as a means of energy provision
(Table 7).
All the respondents indicated that they believe the use of solar
panels (100.0%) would provide the most beneﬁts. Biogas (75.0%)
and hydroelectricity (50.0%) were also considered to be beneﬁcial
sources of energy. Lack of knowledge is the primary barrier to the
adoption of any new technology. Lack of technical knowledge and
awareness in RETs has been identiﬁed as a potential barrier to
their uptake (Del Río, 2007; Reddy and Painuly, 2004).
It has also been highlighted that a lack of knowledge and
experience in the use and application of RETs by policy makers can
also lead to barriers in their adoption (Mitchell et al., 2011; Dinesh
Babu and Michaelowa, 2003). Poorly designed policies and impro-
per implementation due to this knowledge deﬁcit can lead to
failed policies, which in turn can lead to a lack of conﬁdence in
those introducing them as well as the technologies they are
designed to promote (Painuly, 2001). It can also lead to inadequate
or insufﬁcient information being provided to stakeholders regard-
ing the impacts and beneﬁts which was also identiﬁed as ulti-
mately leading to further barriers centred on social acceptance
(Painuly, 2001).
The renewable energy sector is reliant on education in order to
improve the adoption of these technologies with ﬁve vital func-
tions of education for the sector, which focused on knowledge,
conﬁdence and training being highlighted (Jennings, 2009). These
are the factors that have been identiﬁed as key barriers (see above)
and as such any implementation of RETs in rural areas will need to
include a program of education to reduce the risk of failure, which
has both short- and long-term effects on the future of renewable
energy in that area.
Despite the results in Table 7, 75.0% of respondents indicated
they had no preference towards one energy source over another.
Twenty ﬁve percent however identiﬁed solar power as their
preferred source. A lack of knowledge and understanding of the
technologies available, which was shown in the disparity of
responses between Tables 6 and 7, and of the beneﬁts and impacts
associated with them, would explain why respondents were
unable to identify a clear preference.
Despite a lack of distinct preference towards any one particular
energy supply, all of the respondents believe that rural commu-
nities, such as their own, should be provided with renewable or
sustainable alternative energy supplies. Furthermore 87.5% of
respondents indicated alternative energy sources should be used
over current energy supplies (Fig. 1).
Several studies (Moomow et al., 2011; Painuly, 2001) have
already highlighted acceptance as a vital factor in the implemen-
tation of RETs. Without it the likelihood of a successful project is
reduced. This can damage the perception of RETs further, resulting
in additional barriers to any future projects. In many cases over-
coming these barriers can be achieved by establishing dedicated
lines of communication between planner and stakeholders from
Fig. 1. Should alternative energy sources be used over current means of energy
provision? Fig. 2. Would respondents switch from their current energy supply to alternative if
the cost was the same and they knew it was helping protect the local environment?
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public participation into planning decisions and by educating the
target population of the long and short term beneﬁts if using such
technologies for energy generation should greatly improve their
acceptance and successful implementation.Fig. 3. Would respondents switch from their current energy supply to alternative if
the cost was the same and they knew it meant a safer and more reliable supply?3.2.2. Cost as a barrier to implementation
Respondents were asked a series of questions to see how cost
affected their choice to switch from their current energy supply to
an alternative low carbon one, despite any beneﬁts that could be
gained by switching.
If the costs remained the same but they knew it would be
helping protect the local environment 87.5% respondents indicated
that they would be willing to switch (Fig. 2). If switching meant a
safer and more reliable supply at the same cost, 100.0% of the
respondents indicated that they would be willing to switch
(Fig. 3). This highlights that there is a will and an acceptance of
the need to change to RETs in the future.
However, if switching supply meant paying slightly more,
75.0% of respondents indicated that they would not even if it
helped protect the local environment. Furthermore 75.0% would
also not switch and pay more even if it meant a safer and more
reliable supply.
Of the respondents who indicated they would switch to help
protect the local environment when the price stayed the same
(Fig. 2), 28.6% would still switch when the price was slightly
higher, whereas 71.4% no longer would.
Twenty ﬁve percent of the respondents who indicated they
would switch to an alternative energy supply if it was the same
price and meant a safer and more reliable source would also
switch if it meant paying slightly more for the same beneﬁts.
Seventy ﬁve percent would not switch if it meant paying more.
From the data discussed above, it becomes clear that cost is the
biggest barrier to implementation of RETs in rural Indian villages.
It is important to understand what the underlying inﬂuential
factors could be once the issue of cost has been mitigated.
To ascertain what factors would inﬂuence a respondent's choice to
contribute to the setup costs of a renewable or sustainable energy
supply, each was asked if they would contribute if it meant either a
cheaper supply, more reliable supply or a safer supply (Fig. 4).
One hundred percent of respondents said they would contri-
bute to the setup costs if it ultimately meant having a cheapersupply. For a safer supply 50.0% would contribute and 75.0% would
contribute for a more reliable supply.
Seventy ﬁve percent of respondents who indicated they would
switch if the same price as their current supply meant a safer and
more reliable supply would also contribute to setup costs for a
more reliable supply, only 50.0% would contribute for a safer
supply.
All of the respondents who indicated that they would pay
slightly more for a safer and more reliable supply also said they
would contribute to the setup costs for these two beneﬁts. Of the
respondents who said they would not pay slightly more for a safer
and more reliable supply, 33.3% said they would contribute to
setup costs for a safer supply, and 66.7% said they would for a
more reliable supply. This would indicate that out of reliability and
safety, the latter is of least signiﬁcance to respondents, because
when given the option respondents were willing to contribute a
one-off payment for improved reliability even though they would
not pay long term for it, but would not do the same for improved
safety.
Fig. 4. Factors affecting whether respondent would contribute to the cost of setting up a renewable or sustainable energy supply.
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As with selecting a fuel resource to use for household activities
cost was the principal factor to inﬂuence a respondent's choice to
switch to an alternative renewable or sustainable supply or
contribute towards its setup costs.
The beneﬁts of switching, such as reduced environmental
impacts, reliability and safety, are insufﬁcient on their own to
persuade a respondent to switch. When cost is not a factor, when
the energy resource price stays the same, respondents are more
likely to be swayed to switch by these beneﬁts. The desire for
reducing the long term costs of energy provision were shown by
the fact that 100.0% of respondents were willing to contribute to
setup costs of a supply if ultimately it led to cheaper supply.
Reliability was also shown to be an important factor that
inﬂuenced a respondent's decision to switch to an alternative
energy supply or contribute towards setup costs. It is a property
that is desired in an energy supply, much like ease of use, and
although not as signiﬁcant as cost, respondents were more likely
to pay in order to access an energy supply with this characteristic.
This indicates that respondents were considering the long term
beneﬁts over the short term costs. As a reliable energy supply
would reduce the need for alternatives, reducing energy expendi-
ture, which combined with an affordable supply, will increase
disposable income which could be used to improve other areas of
day to day life.
A lack of technical knowledge and skilled personnel for setting
up and operating RETs in developing countries can affect their long
term success and can lead to performance issues (Del Río, 2007;
Painuly, 2001). With reliability being an important factor this is an
important barrier which must be overcome if the introduction of
RETs is to be successful and not lead to negative attitudes.
The high costs associated to RETs are one of the major barriers
to their successful implementation. Whilst respondents indicated
that cost was important to them, it did not signiﬁcantly restrict
their selection of electricity, an identiﬁed expensive source of
energy. However, they are not prepared to pay any more for their
energy; the average Indian per capita income is $1219 (IMF, 2010)
with 12% of income being spent on energy (Bacon et al., 2010).
It should be noted here that the UK considers anyone who isspending more than 10% of their household income on energy
to be in fuel poverty (DECC, 2009). This can often restrict access
to these technologies as they become unaffordable solutions for
energy (Gurung et al., 2011; Painuly, 2001; Reddy and Painuly, 2004).
The need to improve infrastructure in many developing countries
adds additional costs to RET projects. These costs may well be passed
onto the consumer which can lead to problems of uptake when the
costs start to exceed those in comparison to more conventional
means of energy provision. This is reﬂected in the survey results
where the costs of different energy resources are shown to play a
signiﬁcant role in the selection and extent to which a fuel is used.
Increased uncertainties and a lack of conﬁdence can contribute
to increased project costs and threaten the long term viability of a
project (Mitchell et al., 2011; Painuly, 2001). It has been noted in
two studies that these elements can make attracting funding from
ﬁnancial and private investors difﬁcult as they are often reluctant
to provide funding for small scale projects that are associated with
such risk (Painuly, 2001; Reddy and Painuly, 2004). This can
therefore make it almost impossible for people on low incomes
to invest in RETs.4. Conclusions
This study has conducted an initial analysis of the socioeco-
nomic factors that affect the development and uptake of sustain-
able or renewable energy projects in small rural communities
in India.
Initial results showed that there is interest in using sustainable
or renewable energy sources over more traditional methods.
This however must come in the form of an affordable, reliable
and easy to use energy resource as these characteristics were
highlighted by respondents as the most inﬂuential drivers for
change. They also constitute two of the three main factors high-
lighted in the UN AGECC deﬁnition of energy access. The ﬁnal factor
(a clean energy source) although fulﬁlled by RETs seems of less
importance to the end users as the environmental beneﬁts gained
by using RETs are less inﬂuential when it comes to choosing an
T. Blenkinsopp et al. / Energy Policy 60 (2013) 192–199 199energy supply; the primary factor has been demonstrated as being
the cost of the energy supply.
The need to invest heavily in technical expertise and infra-
structure, particularly in rural areas, can deter investors often
leaving these areas isolated from sustainable development. How-
ever by evaluating the needs and attitudes of target communities
many barriers can be overcome by using the appropriate energy
resource to meet their needs, and by communicating with stake-
holders from an early point. The initial setup costs of some
technologies such as solar power ($417 per person) or wind
($133 per person) become largely prohibitive (IEA, 2007) in the
rural Indian villages and as such they will feel signiﬁcant resis-
tance from the villagers who would be implementing them.
Instead, the focus should be on low-cost technologies that are
relatively easy to maintain given the skills base of the population.
Individual household bio-digesters to produce biogas would prob-
ably be collectively too expensive to install across a village; a
shared scheme where the community all input into the develop-
ment of a biodigester that has the capacity to serve the needs of
the population whilst requiring fewer skilled maintenance per-
sonnel would appear to be more appropriate. The cost of this is
estimated to be around 6 cents for 1 m3 of biogas and there are
also schemes available from the Ministry of New and Renewable
Energy to subsidise the training of skilled workers (Bhide and
Monroy, 2011). This would have to be coupled with educational
schemes to highlight the beneﬁts of this technology, as it has been
shown that the current level of knowledge is lacking. This will in
turn reduce project risks and improve viability, subsequently
improving investor conﬁdence.Acknowledgements
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